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Fig. S1. The UV reactor. Fig. S2 . Reactor emission plot of the measured (solid line) emission from the Hg lamps over the 200-to 400-nm spectral range. Fig. S3 . Stellar spectra. Fig. S4 . Surface spectral irradiance at Cambridge. Fig. S5 . Arrhenius plots. Fig. S6 . Flare spectra. Table S1 . HCN + 2 3 SO  . Table S2 . Glycolonitrile + HS − . Table S3 . Percentages of stars in different spectral type ranges that meet the criterion for activity given by Eq. 38 (defined here as "Active" stars). Section S1. General procedures for reactions of KCN with Na 2 SO 3 in the dark. Section S2. General procedures for reactions of KCN with Na 2 SO 3 under UV light. Section S3. General procedures for reactions of glycolonitrile with NaHS in the dark. Section S4. General procedures for reactions of glycolonitrile with NaHS under UV light. References (46-48) 1 Fig. S1 . The UV Reactor. Schematic of the UV reactor chamber containing 16 Hg lamps (3 not shown for clarity). An optical fibre connected to the UV spectrometer is placed down the centre axis of the chamber with the probe end of the fibre located at the approximate centre of the quartz cuvette. (14) and (15), blue line) and hydrogen sulfide (Eq. (16) and (17)). 8.0 mg (0.12 mmol) of 13 C-labelled KCN was mixed with 15.0 mg (0.12 mmol) Na2SO3 and 15.0 mg (0.12 mmol) of NaH2PO4 in 0.5 mL water (10% D2O in H2O). The pH of solution was adjusted to 7.0 with 1 M HCl. 12.5 uL of 26 mM of pentaerythritol solution was added to the mixture (final concentration is 0.65 mM) as a n i n t e r n a l r e f e r e n c e t o q u a l i f y t h e y i e l d s o f r e d u c t i o n p r o d u c t aminomethanesulfonate (6) (the first stage reduction product from cyanide when sulphite is present in the mixture) by relative integration of protons in 1 H-NMR. As the reaction progressed, higher concentration of aminomethansulfonate could dimerize to give azanediyldimethanesulfonate (6). Aminomethanesulfonate could be converted to glycine nitrile and glycolonitrile when sulphite was used up as the reductant in the presence of cyanide under UV light (6). The reaction mixture was firstly irradiated in the UV reactor with all lamps on for 45 min, then was taken out to record NMR. After sitting in the dark at RT for 42 h, the sample was irradiated for another 2.5 h with half of the lamps on, then NMR was recorded again 2.4 mg (0.025 mmol) of NaHS.xH2O (containing 60% NaHS) was mixed with 3.0 mg (0.025 mmol) of NaH2PO4 in in 0.5 mL water (10% D2O in H2O). The pH of solution was adjusted to 7. 3.0 uL (0.03 mmol) of glycolonitrile (55 wt% in H2O) was added to the mixture, followed by the addition of 12.5 uL of 26 mM of pentaerythritol solution.
The mixture was kept at RT or heated at 50 °C or 70 °C (25.0 uL of 26 mM of pentaerythritol solution was added in this case) respectively. The samples were taken for NMR experiments at time intervals. Glycolonitrile (47) 
